Abstract The objectives of this study were to determine the test-retest reliability of two self-perceived recovery questions in patients with recent whiplash-associated disorders (WAD), and to assess whether remembering previous answers influences reliability. The self-perceived general recovery and self-perceived change in neck pain questions were administered to 46 patients with recent WAD 6 weeks after recruitment and again 3-5 days later. At follow-up, we also asked participants if they remembered their previous answers. We used the intra-class correlation coefficients (ICC) to measure the reliability of the original ordinal response structure and kappa statistics for dichotomized responses. The ICC [95% confidence intervals (CI)] for the general recovery and for the change in neck pain questions were 0.70 (0.60-0.80) and 0.80 (0.72-0.87), respectively. The kappa statistic (95% CI) for the general recovery question was 0.81 (0.64-0.99) when recovery was defined as ''completely better'' or ''much improved''. The kappa statistic (95% CI) for the change in neck pain question was 0.80 (0.62-0.99) when recovery was defined as ''very much better'' or ''better''. Our analysis suggests that the test-retest reliability may be higher for participants who remembered their previous responses. In conclusion, our results suggest that self-perceived recovery questions have adequate reliability for use in epidemiological research of WAD.
Introduction
Epidemiological studies rely on self-report outcome measures to track the recovery of individuals with whiplashassociated disorders (WAD). A method that is increasingly used to follow the progress of these individuals consists of asking them to provide an assessment of self-perceived recovery or self-perceived change in neck pain and disability [1] [2] [3] [4] . These measures provide clear advantages over other outcome measures. First, they resemble the evaluation method used in clinical practice and therefore provide information that is relevant to clinicians [4] . Second, these questions allow for patients to provide a personal appraisal of their recovery. This is important because recovering from musculoskeletal injuries is an individualized process that is dependant on a patient's assessment of her/his progress [5] . According to Beaton et al., recovery can take on one of three meanings: (1) resolution of symptoms, (2) readjustment of life to participate in daily activities, or (3) redefining the meaning of health to enable one to participate in daily activities. However, self-perceived recovery measures are liable to measurement error and may be sources of misclassification bias in epidemiological studies. To date, only one study has documented the test-retest reliability of the self-perceived change in pain and disability questions [4] . In a sample of patients with arthritis, Fischer documented that the 1-week test-retest correlation was 0.81 for the self-perceived change in disability and 0.58 for the self-perceived change in pain. This study of arthritic patients demonstrates that while misclassification occurs, its magnitude varies with the construct that is being measured.
Despite their use in studies of WAD, we know little about the reliability of the self-perceived recovery and change questions in this population. This is problematic because the probability of misclassification bias is directly related to the reliability of a measure [6] . Epidemiological studies that use these questions are therefore at risk of estimating effect sizes that are biased toward, or away from the null depending on the type misclassification (non-differential vs. differential) present in a study. Moreover, the self-perceived recovery questions have been used as an external criterion to establish the validity of other selfreport measures of health status in patients with whiplash injuries [7] . Using an external criterion that is prone to measurement error can lead to erroneous conclusions about the validity of health outcome measures.
The primary objective of this study was to determine the test-retest reliability of the self-perceived general recovery and self-perceived change in neck pain questions in a sample of patients with recent WAD. Our secondary objectives were to determine the reliability of dichotomized response options to these questions and to assess the impact of memory on their reliability.
Materials and methods

Design and study sample
We conducted a test-retest reliability study. Individuals who were involved in traffic collisions and made an automobile insurance claim to AVIVA Canada between January 2008 and December 2008 were eligible for the study. We included individuals who were: (1) at least 18 years of age; (2) resident of the Greater Toronto area, Mississauga, Burlington, Cambridge or Kitchener; (3) and diagnosed with WAD grade I, II, or III [8] by a study coordinator within 3 weeks of their traffic collision. Potential participants were excluded if they were unable to provide written informed consent, unable to complete the interview in English, had WAD grade IV injuries (fracture or dislocation of the cervical spine), or if they had a history of neck surgery.
Self-perceived recovery questions
We studied the test-retest reliability of two self-perceived recovery questions. The first question addressed general recovery from all injuries sustained during the traffic collision: ''How well do you feel you are recovering from your injuries?'' [1, 3] . Participants were asked to rate their overall recovery on a seven-item Likert scale that included the following choices: completely better, much improved, slightly improved, no change, slightly worse, much worse or worse than ever. The second question focused on change in neck pain: ''How do you feel your neck pain has changed since the injury?''. Participants were asked to rate the change in their neck pain on a seven-item Likert scale that included the following choices: very much better, better, slightly better, no change, slightly worse, worse, or very much worse.
Study procedures
Participants recruited for this study were first invited to participate in a randomized controlled trial of the effectiveness of three standard treatments for whiplash injuries in Ontario [2] . After consenting to participate in the trial, participants were administered a questionnaire that included questions on demographics, pain level, ability to function, general health, mood, working status and health care utilization [2] .
Six weeks after completing the initial questionnaire, participants were interviewed in person or by telephone by a follow-up interviewer who was blind to their initial health status and administered the change in neck pain and general recovery questions. Three to five days following the administration of the 6-week follow-up, participants were contacted again by telephone by a different interviewer and were re-administered the two questions. A minimal interval of 3 days was selected because it minimizes recollection bias when studying conditions that fluctuate in time [9] .
We randomly assigned the order of administration of the questions at the second interview to minimize sequence bias. Simple randomization with mixed block size was used to determine the order of question administration. We also collected data to assess the effect of memory on reliability. Participants were asked whether they recalled the answers to the questions that were administered 3 days earlier.
Specifically, we asked participants: ''Do you remember being asked some of these questions 3 days ago?'' and ''Do you remember your answers to the questions?''.
The study was approved by the Review Ethics Boards of the University Health Network and of the Canadian Memorial Chiropractic College.
Statistical analysis
We estimated that a sample size of 46 subjects was required to measure an Intra-class Correlation Coefficient (ICC) of 0.9, with a power of 0.8 at a significance level of 0.05 [10] . The ICC and 95% confidence intervals (CI) were used to determine the test-retest reliability of the two versions of the perceived recovery questions using their original seven-item responses. The ICCs were computed using Model II for multiple-raters [6, 11, 12] . We also computed weighted kappa coefficients and 95% CI using quadratic weights to determine whether the distribution of responses influenced the reliability as measured by the ICC.
We assessed the reliability of dichotomizing the sevenitem responses into ''recovered'' versus not ''recovered'' [1, 3] . We defined ''recovered'' as ''completely better'' on the general recovery question and as ''very much better'' on the change in neck pain question. Participants classified as ''not recovered'' answered any of the other response options. We tested whether varying thresholds for classifying a patient as ''recovered'' impacted reliability. Therefore, in a secondary analysis, we defined ''recovered'' as ''completely better'' or ''much improved'' on the general recovery question and as ''very much better'' or ''better'' on the change in neck pain question. Those categorized as ''not recovered'' answered any of the remaining response options.
Finally, we conducted secondary analyses to determine if memory had an impact on reliability by stratifying participants according to their answers to the recall questions. All statistical analyses were performed using SAS [13] and STATA [14] .
Results
Sample characteristics
Our sample included 46 participants. Three participants were not enrolled in the randomized controlled trial. The mean age of our sample was 43.2 years and 71.7% were female (Table 1) . Most participants (69.6%) had grade II WAD. The mean whiplash disability questionnaire and pain intensity scores decreased between enrollment and the 6 weeks follow-up (Table 1) . At enrollment, no participants had hired a lawyer to assist them with their claim. However, 6 weeks later, three participants had hired a lawyer (one participant refused to answer the question).
Answers to the global recovery and to the change in neck pain questions suggest that most participants reported improvement 6 weeks after their injury.
Test-retest reliability
The ICCs (95% CI 
Test-retest reliability stratified by responses to the recall question
Twelve subjects were not asked the memory questions because we started administering these questions shortly after the onset of the study. We stratified study participants according to their responses to the recall questions (remember vs. do not remember previous answers). Eighteen participants remembered their previous responses and 16 did not remember ( Table 2 ). The kappa coefficient was 1 for participants who remembered their previous answers to the change in neck pain question; 0.74 (0.41-1) for those who did not remember and 0.66 (0.22-1) for participants who were not asked the question. Similarly, the kappa coefficient was 1 for participants who remembered their previous answers to the general recovery question; 0.88 (0.64-1) for those who did not remember and 0.50 (0.02-0.98) for participants who were not asked the question.
Discussion
The primary objective of our study was to measure the test-retest reliability of two questions used to assess recovery in patients with WAD. We found that the change in neck pain question (ICC = 0.80; 95% CI 0.72-0.87) and the general recovery question (ICC = 0.70; 95% CI 0.60-0.80) had similar reliability when the original response structure of the questionnaire (seven items) was analyzed. While these levels of reliability are commonly considered adequate, they nevertheless indicate that their use results in misclassification. The difference in reliability between the two questions may be related to the construct being measured. It may be easier to repeatedly appraise one's own status when referring to a specific construct such as pain than it is for a complex and multifactorial construct such as general recovery. It is also possible that the differences in reliability are associated with the response options provided for each of the questions. While both questions use a seven-item Likert scale, the wording of the responses are different ranging from ''completely better'' to ''worse than ever'' on the general recovery question and ''very much better'' to ''very much worse'' on the change in neck pain question.
It is often necessary to discriminate between patients who have recovered from their injuries and those who have not. Consequently, by dichotomizing the response options, we stratified participants into ''recovered'' and ''not recovered''. Our analysis indicates that both questions are equally reliable when the first two response options are used to define recovered [''very much better'' or ''better'' on the neck pain recovery question (kappa = 0.80) and ''completely better'' or ''much improved'' on the general recovery question (kappa = 0.81)]. This suggests that participants were consistent in reporting their status within one of the two categories. However, the reliability of the general recovery question (kappa = 0.85) slightly improved while the reliability of the change in neck pain question (kappa = 0.46) worsened when the first response option was used to classify participants as ''recovered''. While changing the threshold to categorize someone as recovered had little impact on the reliability of the general recovery question, it significantly reduced the reliability of the change in neck pain question. It is possible that this result is due to the daily fluctuations in pain intensity experienced by patients who have not experienced significant improvement in their neck pain. It is also possible that individuals are better at understanding and discriminating between the categories ''completely better'' and ''much improved'' than they are at discriminating between categories ''very much better'' and ''better''.
The validity of the ICC as a test-retest reliability statistic rests on the assumption that the data are normally distributed [15] . We found that our data were skewed with most respondents selecting the first three response options in both questions. No participants reported to be ''slightly worse'' on the general recovery question and none reported that their pain had changed and was now ''worse'' or ''very much worse'' on the neck pain question. We conducted secondary analyses to determine the impact of this distributional problem and found similar results when using the weighted kappa statistic. This suggests that these distributional violations did not bias the results and that the tests are robust against violations of normality [15, 16] .
A 3-day retest interval is short and may lead to subjects remembering their responses to the previous administration of the questions. We assessed the impact of memory and found, as expected, that participants who remembered their answers had perfect reliability. Interestingly, the reliability of both questions in participants who did not remember their previous responses was also high. However, the reliability was lower in participants who were not asked the memory questions. The results of our secondary analysis suggest that the favorable reliability statistics obtained in this study are in part related to a memory effect.
Our study has limitations. First, to measure test-retest reliability, we would optimally need a sample of whiplash patients with a stable condition [6] . This is not possible when studying recent whiplash injuries [17] . Therefore, it is likely that our participants still experienced daily fluctuations in their symptoms and in their general status. This could have a negative effect on the reliability of the questions. As previously mentioned, a second limitation of our study is the impact of a memory effect due to the short 3-day retest interval. Third, our sample size of 46 was too small to include several participants who got worse during the study period. Therefore, it is possible that our reliability estimates would have been different if we had enrolled a higher proportion of participants who did not improve. Fourth, the answers to the two questions may have varied because the change in neck pain question included a specific time reference (since the injury) while the global recovery question did not. Finally, the study sample included participants who were enrolled in a randomized controlled trial. Therefore, our findings may not be generalizable to the general population of individuals with WAD.
Conclusion
Our study suggests that the self-perceived general recovery and self-perceived change in neck pain questions have adequate reliability for use in epidemiological research of WAD. From a test-retest reliability perspective, researchers have the option to define ''recovery'' as ''completely better'' or ''completely better'' or ''much improved'' using the general recovery question. Defining ''recovery'' with the self-perceived change in neck pain question should only be done using ''very much better'' or ''better'' instead of ''very much better''.
